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(57) 
An infrared external photoemissive detector can have an n-p 
heteroj unction comprising an n-type semiconductor layer and 
a p-layer; the n-layer semiconductor comprising doped sili 
con embedded With nanoparticles forming Schottky barriers; 
and the p-layer is a p-type diamond ?lm. The nanoparticles 
can be about 20-30 atomic percentage metal particles (such as 
silver) having an average particle size of about 5-10 nm. The 
p-layer can have a surface layer that has a negative electron 
af?nity. The n-layer canbe in the range of about 3 um to 10 pm 
thick, and preferably about 3 um thick. The doped silicon can 
be doped With elements selected from the list consisting of 
phosphorus and antimony. 
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INFRARED EXTERNAL PHOTOEMISSIVE 
DETECTOR 

FIELD 

The present device and methods generally relate to photo 
emissive detectors, and speci?cally to infrared external pho 
toemissive detectors using silver nanoparticles in n-type sili 
con composites. 

BACKGROUND 

External photoemitters (or photocathodes) are known in 
the art as a means to detect optical radiation. These types of 
detectors can be used, by Way of example, in image intensi 
?ers for light ampli?cation in the visible part of the electro 
magnetic spectrum. Practical applications can include their 
use in night vision devices such as binoculars, scopes and 
goggles, infrared vieWers, streak camera tubes for high speed 
photography, and the like. 
Some applications can use photocathodes With multichan 

nel plates (MCPs) to detect loW levels of electromagnetic 
radiation from a photocathode surface. MPCs can accelerate 
electrons but coming from the photocathode, provide gain. 

Recent advances have included high ef?ciency III-V nega 
tive electron af?nity photocathodes. These devices can be 
especially sensitive to their surroundings and must be devel 
oped Within an ultra-high vacuum to achieve maximum sen 
sitivity. These devices are also limited to detecting Wave 
lengths no longer than about 2 pm due to the formation of a 
heterojunction barrier at the surface that is formed. An 
example of this type of device has Worked for ?eld-assisted 
photoemission using p-InGaAs. 

While there have been signi?cant advances in the art, fur 
ther advances are possible and desired. It Would be desirable 
to have an external photoemissive detection and processing 
Where Wavelengths beyond 2 um are possible. For example, it 
Would be desirable to detect radiation from 1-20 microns. 

Further, atmospheric WindoWs are ranges of electromag 
netic radiation Wavelengths that are alloWed to easily pass 
through the atmosphere to Earth’ s surface. This is in contrast 
to EM Wavelengths that are absorbed by atmospheric gases 
such as Water vapor, carbon dioxide and oZone, knoWn as 
absorption bands. It Would be desirable to e?iciently detect 
radiation Within multiple atmospheric WindoWs, such as those 
at 1-2 um, 3-5 um and 8-14 um. This could be especially 
valuable if this type of detection could be accomplished With 
a single ?lm of material. 

Additional improvements could be a simpli?cation of 
manufacturing, such as the ability to produce these types of 
detectors under modest vacuum conditions and be capable of 
exposure to atmospheric conditions for extended periods 
Without essentially compromising its operation. Such a 
device could be readily manufactured With an added bene?t 
of reduced need for toxic materials. 

SUMMARY 

Accordingly, there is provided herein a device and methods 
of an external photoemissive infrared detector using a silver 
n-type silicon composite. The device is able to detect Wave 
lengths greater than 2 um. Using a single ?lm of material, the 
present device can ef?ciently detect radiation atmospheric 
WindoWs, such as 1-2 pm, 3-5 pm and 8-14 pm. The present 
device can be prepared under very modest vacuum conditions 
and is capable of exposure to atmospheric conditions for 
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2 
extended periods Without compromising its operation. The 
device is readily manufactured and does not involve toxic 
materials. 

In one embodiment, an infrared external photoemissive 
detector can have an n-p heterojunction comprising an n-type 
semiconductor layer and a p-layer; the n-layer semiconductor 
comprising doped silicon embedded With nanoparticles 
forming Schottky barriers; and the p-layer is a p-type dia 
mond ?lm. The nanoparticles can be about 20-30 atomic 
percentage metal particles (such as silver) having an average 
particle siZe of about 5-10 nm. The p-layer can have a surface 
layer that has a negative electron a?inity. The n-layer can be 
in the range of about 3 pm to 10 pm thick, and preferably 
about 3 um thick. The doped silicon can be doped With ele 
ments selected from the list consisting of phosphorus and 
antimony. 

Other features Will become more apparent to persons hav 
ing ordinary skill in the art to Which it pertains from the 
folloWing description and claims. 

BRIEF DESCRIPTION OF THE FIGURE 

The foregoing features, as Well as other features, Will 
become apparent With reference to the description and FIG 
URE, and in Which the FIGURE is an electron energy band 
diagram for an Ag/n-type silicon-p-type diamond. 

DETAILED DESCRIPTION 

The present device and methods generally relate to photo 
emissive detectors, and speci?cally to an infrared external 
photoemissive detector using silver nanoparticles in n-type 
silicon composites and is able to detect Wavelengths greater 
than 2 pm. Using a single ?lm of material, the present device 
is able to ef?ciently detect radiation in all three atmospheric 
WindoWs, namely 1-2 pm, 3-5 um and 8-14 pm. The present 
device can be prepared under very modest vacuum conditions 
and is capable of exposure to atmospheric conditions for 
extended periods Without compromising its operation. The 
device is readily manufactured and does not involve toxic 
materials. Also, thermal imaging could be performed using 
these materials in a conventional image intensi?er tube, 
avoiding the complexities of a pyroelectric vidicon. 
The basic scheme for the detection of radiation employing 

the external photoemissive mode is described With the aid of 
the FIGURE. As shoWn, radiation incident on the photocath 
ode releases electrons, Which are accelerated by a battery 
potential and collected in an external circuit as a signal cur 
rent. The smallest energy that can be detected by the photo 
cathode is a function of the properties of a bandgap (e.g., the 
material of Which the photocathode is made). The smaller the 
bandgap the smaller the energy of the radiation that may be 
detected. Various compound semiconductors may be con 
structed by varying the relative amounts of the constituents to 
produce semiconductors With bandgaps varying from 0 elec 
tron volts up to over 1 electron volt, suggesting that this 
method may be employed to detect radiation at very long 
Wavelengths. Unfortunately, this has only been demonstrated 
for detecting Wavelengths no longer than about 2 pm. The 
reason for this is that the photocathode surface must be treated 
With a coating of cesium and oxygen to loWer the surface 
energy to alloW the electrons to escape into a vacuum. These 
layers must be prepared With great care in a very high 
vacuum. The cesium-oxygen compound forms a heterojunc 
tion With the semiconductor material and for loW bandgap 
semiconductors the conduction band minimum of the semi 
conductor drops beloW the interfacial barrier preventing pho 
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toemission. This occurs for semiconductors With bandgaps 
near 0.63 electron volts (2 pm). The external photoemissive 
scheme of the present invention, described below, avoids the 
limitations of the heterojunction barrier and the necessity of 
keeping the detector under good vacuum during its operating 
life. The external photoemissive mode of detection is a highly 
desirable one because it is fast ~10-1O seconds and one can 
obtain high gains (10”) With loW noise, alloWing in some 
instances the detection of single photon events. 

Speci?cally, the proposed detector as shoWn in the FIG 
URE, can have an n-p heterojunction With the n-layer doped 
With an element such as phosphorus or antimony and also 
have embedded silver (Ag) nanoparticles approximately 5-10 
nm in siZe, distributed throughout an n-type silicon matrix 
forming buried Schottky barriers. The atomic volume fraction 
of Ag can be betWeen 20-30 percent by Weight. This is a 
compromise betWeen having the Ag volume fraction sul? 
cient enough to provide a large signal for detection purposes, 
but loWer than a percolation threshold of approximately 50 
percent such that dark properties are dominated by the silicon 
matrix. The composite ?lm thickness can be about 3 to 10 
microns, but preferably 3 microns. 

The p-layer can be a p-type diamond ?lm With a negative 
electron af?nity surface layer. As shoWn in the FIGURE, bias 
voltages V1, V2 and V3 have polarities as such to move elec 
trons to the right. Although the conduction and valence band 
discontinuities, ABC and AEV, are on the order of 3 volts, the 
n+—p silicon-diamond heterostructures constructed for dia 
mond surface emission cathode studies, produced external 
photoemitted electrons With forWard bias turn-on voltages of 
only 1 volt (V 2)5 . This is an important experimental veri?ca 
tion of an essential feature necessary for the proper operation 
of the present detector. 

The barrier height for electrons to escape from the metal 
particles embedded in the n-type semiconductor into the con 
duction band of the semiconductor (i.e., the Schottky barrier 
height), takes the place of the bandgap in the prior art in that 
the Schottky barrier is the threshold for the smallest energy to 
be detected. These buried Schottky barriers are also at least an 
order of magnitude more sensitive than planar structures 
formed from the same materials. The metal n-type semicon 
ductor composite forms the n-partner of an n-p heterojunc 
tion. The microstructure of the metal-n-type semiconductor is 
con?gured to give the highest absorption in the desired Wave 
length band. The p-partner is p-type diamond Whose surface 
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has been made With a negative electron a?inity, i.e., there is no 
barrier for electron emission into vacuum once they reach the 
conduction band of the diamond. The photoexcited electrons 
in the conduction band of the silicon are injected under for 
Ward bias into the diamond conduction band and subse 
quently photoemitted into a vacuum. Once the diamond sur 
face is made to have a negative electron af?nity by 
hydrogenation it does not loose this character When exposed 
to air. 
A Schottky barrier height for this type of combination is 

typically close to 2 pm. HoWever, if the Si is a heavily doped 
n-type, ef?cient tunneling of electrons from the Ag nanopar 
ticles into the Si conduction band may take place under elec 
tric ?elds, alloWing the detection of radiation at Wavelengths 
much longer than 2 pm. 

While the products and methods have been described in 
conjunction With speci?c embodiments, it is evident that 
many alternatives, modi?cations, and variations Will be 
apparent to those skilled in the art in light of the foregoing 
description. 

I claim: 
1. An infrared external photoemissive detector, compris 

ing; 
an n-p heterojunction comprising an n-type semiconductor 

layer and a p-layer; 
the n-layer semiconductor comprising doped silicon 

embedded With nanoparticles forming Schottky barri 
ers; and 

the p-layer is a p-type diamond ?lm. 
2. The detector of claim 1, Wherein the nanoparticles are 

about 20-30 atomic percentage metal particles having an 
average particle size of about 5-10 nm. 

3. The detector of claim 2, Wherein the metal particle is 
silver. 

4. The detector of claim 1, Wherein the p-layer has a surface 
layer that has a negative electron a?inity. 

5. The detector of claim 1, Wherein the n-layer is in the 
range of about 3 pm to 10 pm thick. 

6. The detector of claim 5, Wherein the n-layer is about 3 
pm thick. 

7. The detector of claim 1, Wherein the doped silicon is 
doped With elements selected from the list consisting of phos 
phorus and antimony. 


